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FROM GENCHES- 


GAS CONDENSERS. 


While the general system of coal gas condensation has been explained in 
our bulletin No. 201, tnis bulletin will deal only with that portion of the 
apparatus which effects condensation by change of velocity and reduction of 
temperature of the gas. Itis generally admitted that the gas must be con- 
densed, but while the terms should be understood as meanimg liquefaction 
and removal of undesirable vapors, both by liquefaction and by chemical and 
physical absorption, it is often taken as meaning simply the removal of heat, 
or in other words cooling the gas. The removal of the heat from the gas is 
‘not in itself the principal point, but it is incidental as producing conditions 
for the removal of undesirable components of crude gas. 

201B—3 


Meaning 

of 

Condensa- 
tion. 


he Western Gas 


Construction Co. 


What is to be 
Dealt With. 


Care of 
Hydro- 
carbons. 


To determine the method of treating crude 
gas its general composition must be considered, 


-also the desired composition of the finished gas. 


Besides the desired components, there may also 
appear in the finished gas some Nitrogen, Car- 
bonic Acid, Aqueous Vapor and even minute traces 
ot Sulphur. The advantage gained by either the 
consumer or producer would be entirely incom- 
mensurate with the cost of their entire removal, 
especially if the illuminating and heating values of 
the gas are maintained. The last Hydrogen Sul- 
phide and Carbonic Acid are taken care of by the 
purifiers and the Ammonia and remaining Ammon- 
ium salts are taken care of by the ammonia 


washer and scrubber, and the tar is taken care 


of by the Pelouze and Audoin tar extractor, so 
that in the apparatus here considered, it is 
the hydrocarbons that are to be particularly 
looked after. Of these in the crude gas in suff- 


cient quantities to notice, the most complex molecules are solid at normal 


Benzol 
Vapor. 


Vapor 
Tensions. 


Dalton’s 
Law. 


temperature and pressure. These therefore, will naturally be the first to con- 
dense on cooling the gas and following these are those which are liquid under 


ordinary conditions; the principal ones being Ben- 
zol, Amylene, Pentane and Hexane. Of the nor- 
mally gaseous illuminants, all the Olefines are 
very valuable, nevertheless the vapors of liquid 
hydrocarbons, especially the Benzol are largely re- 
lied upon for the real lighting power of the gas. 


It is therefore desirable to have the finished gas 


carry as much Benzol vapor as the temperature 
and pressure conditions of distribution will allow. 

This brings us to the most important point 
in condensation and that is the matter of vapor 
tensions. As we have a mixture of vapors to deal 
with, it is well to know that the partial tension of 
each component of the mixture is always less than 
its respective vapor tension when alone at the 
same temperature and pressure. With this quali- 
fication, Dalton’s law of vapor tensions holds 
practically good for our range of temperature; 
that is; in the space already occupied by the gas,a 
liquid ultimately evaporates to the same extent 
as in vacuo, the process being merely more slow. » 
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To retain in full relative tension the desirable vapors, it is necessary to 
remove the heavy tarry matter at as high a temperature as may be after leav- 
ing the hydraulic main, because the power of the tar and heavy oil vapors to 
absorb the lighter hydrocarbons increases with the decrease in temperature. 
In actual commercial operation of a coal gas works, however, there will 
always be more or less Naphthalene formed in the retort, and asthe tar is 
a very good absorbant for this troublesome substance, the absorbant power 
of the tar increasing with the reduction of temperature, it is desirable on this 
account to leave the tar in contact with the gas to such temperature that the 
excess of naphthalene will hive been absorbed by the tar and at the same 
time to avoid having the temperature go so lowasto permit the tar to 
absorb too much of the benzol and other light giving hydrocarbons. 


| Long experience and very careful 
[ae experiments have demonstrated that 
| in ccnmon practice 90° F., may be 
taken as the lowest temperature to 
which the gas should be permitted to 
go before removing the tar, and in 
many cases the temperature at which 
the tar should be removed may he 
considerable higher than this, due to 
local conditions as to methods of dis- 
tillation, character of coal, ete. It is 
therefore necessary that the first 
stage of cooling of the gas shall be 
under absolute control so as to re- 
duce the temperature of the gas pro- 
perly without passing this limiting 
temperature. In order to prepare the 
gas for the removal of the tar, as ex- 
plained in our Bulletin No. 201, our 
Primary Condenser has been design- 
ed and with the most gratifying re- 
sults. The temperature at which the 
gas may arrive at the Primary Con- 
cas uner Genser from the hydraulic main will 
vary of course with local conditions 
as to character of apparatus and 
method ot distillation, distance of 
condenser fromthe retort house, etc. 
In most gas works the temperature 
of the gas on arriving at the Primary 
Condenser will range at about 140° 
F., in some instances as high as 165° 
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cases, as for instance, 
where dry collecting ass mer 
mains or anti-dip ar- 
rangements are install- 
ed, or as in the case of 
by-product coke ovens 
where the condensers 
have sometimes to be 
designed to handle gas 
arriving at a tempera- 
ture. OF -200°R.; “or 
more. It is, therefore, 
of course necessary 
that the primary con- 
densers shall have 
great elasticity in their 
application to this 
work, that is to say 
must be very easy of 
regulation for hand- 
ling the entering gas 
of wide range of tem- 
perature. 

Our ovrimary con- 
densers are made in 
several types, accord- 
ing to the work to be 
done by them; being 
proportioned so as to 
accomplish two prin- 
cipal points; first, to get sufficient gas space in the condenser for a very 
considerable reductionin the velocity of the gas, permitting it to come 
almost to a state of rest to allow the entrained soot, coke dust, globles of 
pitch, tar and heavy oils to agglomerate and deposit. To accomplish this to 
the best advantage the condensers are so arranged as to get the maximum 
of frictional effect possible with such decrease of velocity. For this purpose 
baffle plates are introduced in condensers, in order to cause the gas to travel 
crosswise instead of lengthwise of the tubes It has been argued that this 
method would result in a decrease of efficiency, because the gas would im- 
pinge on but one side of each tube, sothat practically only halt of the area 
of tube surface should be figured, but our careful experiments have proven that 


this argument was entirely groundless and based on an erroneous hypothesis. 
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As a matter of fact this 
method of — circulation 
causes eddies in the gas 
which make it fully en- 
velope each tube in such a 
manner that no portion of 
the gas passes. through 


AB ASSOe without coming in contact 
with some of the tube sur- 
face. 


On page 2, will be found 
reduced fac-similes of pat- 
ent office drawings, Figs. 1 
and 2, which show the ar- 
rangement of the condens- 
ers typifying our coal gas 
system which is protected 
by United States patent 


claims of which are given 
in Bulletin 201, and also 
protected as Gas Condens- 
ing Apparatus by _ the 
United States patent No. 
790,297; application for 
which filed December 1st, 
1902. The claims of this 
patent which were allowed 
October 28th, 1904, will 
be found on page 19 of this 
bulletin 

Figure No. 3 shows part 
sectional elevation and 
3c er like alee eel plan of the sequence 
Fig. &. of condensing apparatus, 

showing relative positions of the several units of the condensing system. 
Normally, the primary condensers are all made to cool the gas by the ac- 
tion of air currents upward through the flues. Two styles of inlets for the 
air are used either admitting the air through large doors on the side of the 


bottom chamber of condenser as shown in Figure 4, or through openings in 
bottom head of condenser receiving the air from tunnel leading from the out- 


GAS OUTLET. 


side of the building, as shown in Figure 5. In either case the air inlet nozzles 


to bottom chamber of condenser are provided with doors or covers which 
may be secured in place should it become desirable to use water for the cool- 


ing agent as described later on. 
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Figure 6 shows a larger condenser, in 
which the same principle is carried out. 
Figure 7 shows a still larger one which is 
of rectangular form, such as usually in- 


PLAN OF TOP HEAD 


stalled for very large plants. Fig 10 


When the gas is received by the primary condenser at an extremely high 
temperature, as for instance at 300° F., it is then necessary to remove an 
enormous amount of heat from the gas to bring it down to a proper tem- 
perature and the reduction from such very high temperature, to say 120° F., 
may sately be done very rapidly, as a sudden cooling through that range will 
not reduce from the gas any of the desirable vapors beyond what will be 
done in later treatment, and therefore advantage can be taken of special 
means for reducing the temperature and the method of doing this does not 
interfere with using the same condenser when desired, in the same manner as 
an ordinary aircondenser, as shown in Figure 8, in which the general con- 
struction of the condenser is the same as in Figure 4, but with the addition 
of means for spraying water onto the inside surfaces of the flues and getting 
by mechanical means a strong circulation of air upward through the tubes, 
thus carrying away the evaporated moisture and keeping the aqueous 
vapor tension always at a minimum in the air inthe flues, thus greatly 
facilitating the evaporation of the water with its consequent greatcr ab- 
sorption of heat and resultant cooling effect on the tubes, and the gas sur- 
rounding them. The water sprayed into the tubes, will be slightly in excess 
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Fig. 11 alge er Fig. 12 
of the amount for evaporating, such excess of water collecting in the bottom 
chamber of condenser, and passing thence to the waste pipe, or a small pump 
may be operated by the same power which actuates the blower and deliver 
the water to an overhead tank, from which it may feed by gravity back 
through the condenser. This water will, of course be warm, but as the con- 
ditions under which such a condenser is intended to operate will be at high 
temperature, there will be no particular objection to the water being warm, as 
it will then more readily evaporate and the heat will be taken up by the water 
far more rapidly when converted into Jatent heat of evaporation than when 
taken by the water as specific heat measured by temperature. 

_ In this type of condenser, considerable increase of efficiency is obtained by 
suspending small baffles in the flues, causing repeated deflection of the ascend- 
ing air against the wet surface of the flues. These baffles and the water jets 
are all made easily removable so that the condenser is quickly convertable into 
the ordinary type of air condenser. In a case of extremely wide ranges of 
temperature, this type of vaporizing condenser may be used in connection 
with and preceeding an ordinary aircondenser, thus enabling the condensing 


plant to cope with extreme ranges of temperature without excessive cost or 


objectionable changes of construction in the units themselves, 
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The second unit in the cooling portion of the condensing system, namely, 
Secondary Condenser, will receive the gas ata temperature of about 90° to 100° 
F. according to the temperature at whichit is found best to remove the tar from 
the particular gas under treatment, but never much below 90° F., because 
90° is the practical limit of reduction in the primary condenser, and the gas 


may be below this only by as much as the temperature may be reduced 


in traversing the gas connections, from the P. & A. tar extractor 
to the secondary condenser. The gas at the outlet of the secondary should be 
within the range of 75° to 80° F., according to localconditions. The con- 
struction of the secondary condenser is very similiar to that of the primary, 
excepting that the range of temperature being much less and also because 
of the difference of temperature between the gas and cooling medium, called 
the potential of temperature, being much less than in case of the primary, it 
becomes necessary to take advantage of the greater frictional effect of the 
cooling medium by dividing it into smaller streams thanin the primary, and 
therefore while the primary condensers may have tubes 4, 6, and often 8 
inches in diameter, according to conditions, the secondary condenser will 
have tubes about 3 inches. or sometimes 4 inches in diameter. The same 
conditions as to velocity of gas and frictional effect is to be observed in the 
secondary as in the primary condenser. 

Figure 9 illustrates the usual type of secondary condensers, and it will be 
noted that this condenser is also made with provision for using water instead of 
air as the cooling medium. In case of extreme increase of capacity being re- 
quired, vaporizing condensers may be used as secondary, but are not recom- 
mended under ordinary conditions, as the effect would be the too rapid cooling 
of the gas. 

For the final cooling of the gas, water condensers are used usually with the 


gas circulating around the tubes as in the case of the primary and secondary, 
and sometimes with the water circulating through the tubes as does the air in 
the primary and secondary. All condensers are, of course, provided with suit- 
able manholes and hand holes as required for access to the interior, and for 
any cleaning out necessary. This final or water condenser will reduce the tem- 
perature of the gas to be about 60° to 70°-F., according to local conditions, 
after which the gas is ready for washing and scrubbing, which portion of the 
treatment is described in our bulletins Nos, 202 and 202—A. 

Figure 10 illustrates the usual type of final condenser with the gas circulat- 
ing around the tubes, and water through them. Figure 11 illustrates this same 
kind of condenser but with internal inlet flue by use of which the nozzles for 
connecting gas mains are brought to the same level. 

Another type, whica, however, is now being gradually displaced by the one 
shown in Figure 10, is that in which the gas passes through the tubes and the 
cooling medium circulates around the tubes but it is recommended for special 
conditions only. 

Figure 12 illustrates still another form having annular inlet and out cham- 
bers provided with openings around the main shell for evenly distributing the 
entering gas and evenly collecting the outgoing gas. 
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One important point in the condensation of the gas is that the products of 
condensation shall be removed from contact with the gas and not be allowed to 
remain in contact with the gas during any succeeding stage of treatment. 

In order to fully understand the points involved in proper condensation of 
gas, it is necessary to study the composition of the crude gas, and characteristics 
of the various components, as also to note those which are to be removed 
wholly, those which are to be removed in part, and those which are to be re- 
tained in the gas. If the gas is to be sent into the street mains in such condi- 
tion that there shall be no condensation from it, then it must not carry into the 
street mains any vapors in quantities which shall be in excess of the amount 
which would saturate the gas at the lowest temperature to be reached in the 
mains; but this condition is more ideal than practical, and the real object should 
be to send the gas into the mains carrying its full complement of hydrocarbons, 
but Naphthalene must not be in such quantity that cooling of the gas or fric- 
tional effect of any circulation in the mains shall cause its deposition. 

It has often been stated that the cooling of the gas should be gradual, but 
no definite explanation has been offered as to why it should be. The cooling 
must be gradual if the velocity of the gas is to be so reduced as to allow agglom- 
eration of the globules and other matter mechanically suspended. The state- 
ment has been made that the gas must be slowly cooled to prevent excessive 
reduction of the desirable vapors. Theoretically the quantity of any one vapor, 
if alone, would be reduced in exact proportion to its vapor tension for the tem- 
perature given whether the cooling were quick or slow, but when a mixture of 
vapors is cooled, and those in the mixture are of such character that the liquids 
of some are solvents for others, the effect of one vapor on another has a cor- 
responding effect, and it is possible to make a mixture of two vapors of different 
vapor tensions with the vapor tension of one much less than the other, and it be 
a solvent for the other, by which it will readily be seen that, on cooling, the 
condensed liquid of the one will absorb a quantity of the vapor of the other, in 
proportion as it is agood or poor solvent for it. Thus the vapor tension of the 
two will be reduced beyond that due tothe temperature, on account of this 
absoprtion of the second by the liquid of the first, and if the cooling is very 
rapid, the vapor tension being rapidly reduced condenses a portion of ‘each 
vapor, and in the quick cooling, the condensed portion of the vapor will remain 
for atime suspended as a fine mist, and consequently in a liquid form very finely 
divided and distributed throughout the body of mixture of vapors, thus being in 
condition, theoretically, most favorable for absorption of those vapors for which 
it might bea solvent. There are also other conditions on which, in the sudden 
cooling of the mixture of vapors, the reduction of one vapor may affect the 
vapor tension of another, usually spoken of as lowering the vapor tension curve. 
Hence it will be seen th. t the slower the condensation, the better will the con- 
densed vapors agglomerate and deposit at the temperature at which they are 


condensed instead of remaining as a mist suspended in the mixture while the 
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temperature is reduced considerably below that at which the mist is formed; 
this will also explain why the products of condensation at each stage of cooling 
should be removed and not be permitted to remain in contact with the gas. 

As to the question of tar removal there is a wide diversity of opinion, and 
on this point we would refer the reader to bulletin 201—A supplement No. 2 
which will appear shortly, and which will deal with the question of tar versus 


pitch, soot and heavy oil. 

In proportioning condensers for gas works, one of the first requisites is to 
know the amount of heat as usually measured in British Termal Units (B. T. U.) 
that is to be removed. This is determined from the composition of the crude 
gas by calculating the amount of specific heat to be removed from the vapors 
and gases in cooling them, the amount of latent heat of vaporization to be re- 
moved in reducing the excess vapors to liquids, and the specific heat to be 
removed from these liquids in cooling them down to the temperature at which 
they will be taken from the condenser. 

In making this calculation, it is very soon found that the aqueous vapor in 
the gas is accountable for considerably over 90 per cent. of the total amount of 
heat to be removed; in fact such a large percentage that in ordinary rough 
calculations the other vapors may be ignored. The importance of the aqueous 
vapor in this part of the gas treatment will be readily understood from the fact 
that in condensing an average coal gas from 140° F., to 60° F.. there must be 
removed considerably more thon 138000 B. T. U. per 1000 ft., of finished gas 
and to condense the gas from 165° F., to 60° F., necessitates the removal of 
of about twice that number of heat units. 

As a summary of the thermal conditions to be taken care of in condensing 
coal gas, we illustrate in Figure 12, a curve from which an experienced gas 
engineer may read a great range and variety of data on coal gas condensation. 

The character and conditions of the gas having been determined, the cool- 
ing medium and range of temperature having been decided, it is easy to deter- 
mine how much cooling surface will be required for any ordinary type of con- 
denser. It is simply a question of converting the total heat to be removed from 
the gas into the specific heat in the air or water employed, except in the case of 
a vaporizing condenser. Then comes the question of heat transference through 
the metal of the condenser. There are two points first to be determined, namely 
the amount of surface required, and if tubular condenser be used, the velocity 
of flow of the cooling medium through the tubes or along the coolirg surface. 
It 1s at once apparent that if the condenser be of usual type with upright tubes, 
the velocity of the flow of the air or water is of just as much consequence 
as the area of cooling surface, as it is the velocity of the air or water 
which enables us to insure that the entire area of each tube shall be 
equally effective in the transmission of heat, as by so doing we are enabled 
to get the maximum heat transmission and consequently the minimum 
metal required to do the work. In the majority of condensers designed by 


The table on page 15 is compiled from over thirty of the best authorities, but the unfilled spaces 
indicate the scarcity of available data. As undoubtedly this bulletin will reach many who will 
be able to supply missing figures; we will be greatly pleased to receive additions and correc- 
tions for publication in supplement to this bulletin, giving credit always to the party from 
whom fresh data may be received. *Averages for quantities usually found. 
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_ Calculations are based on International Atomic Weights, British Thermal Units, Fabren- 
heit Thermometer and Pounds Weight. Specific Gravity of Solids and Liquids referred to 
Water, and Gases and Vupors to Air. Composition refers to Dry Gasat about 100° F. Pounds 
per M. and Cu. Ft. per lb. at about 60° F. Sprciric HEATS are not constant and figures given 
are fair averages for range from 1000 F to 60° F. Solubility in water is per 1000 parts of 
water. Illuminating value figures are Candles per 5 cu. ft. gas per hour at 60° F. 
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the old “rules of thumb,” it will be found that nearly all of the work 
done by the condenser is done in very much less than the full length of the tube, 
even when the condenser is working at its maximum practicable rate. It will 
therefore be seen, as has been frequently demonstrated in our practice, that 
the most common error in designing condensers is to put in an excessive num- 
ber of tubes with the idea simply of getting a certain amount of cooling surface, 
and with one result, that the rate of flow of the airor water is so slow that the 
maximum temperature of the cooling medium will be attained before it has 
traveled the full length of the tube, and consequently the remaining length of 
the tube will be useless. Such designs result in too rapid action near gas inlet 
the condenser and no action nearthe outlet, showing that the amount of sur- 
face is far greater than ts required for the cooling medium to uniformly absorb allthe 
heat it can from the gas. The common remedy for such ill-designed condensers 
is to plug both ends of a number of tubes, thereby proportionately decreasing 
of the exposed cooling surface and to increase the velocity of the cooling medium 
until a proper balanceis obtained. Careful tests have shown theabsolute fallacy 
of attempting to design condensers ona basis of cooling surface only, as proper 
designing must necessarily be based on engineering principles involving severai 
factors, all of which must receive proper consideration to produce the best 
result. This principle was fully demonstrated by this Company several years 
ago and information of it was noted and many tests were made by gas engineers 
as indicated by the discussion on condensers at the Chicago meeting of the 
Western Gas Association, May 16, 1900, noting particularly the experiment 
described by Messrs. B. E. Chollar and O. O. Thwing, which were carried out on 
suggestions made by this Company, that the metal of ordinary condenser con- 
struction was wrongly distributed and a remedy was suggested. To iliustrate 
the various ideas of different people on the matter of condensing surface it is 
only necessary to quote a few statements as follows: 

Butterfield referring to air condensers, says ‘‘from 150 to 200 sq. ft, of con- 
densing surface should be allowed for each 1000 ft, of gas passing per hour.”’ 

Herring says; ‘‘It is somewhat difficult to fix any such area unless all the 
circumstances are known, but it may be taken as a general rule when wrought 
iron mains are employed, to allow five superficial feet of surface for each one 
thousand feet of gas production per 24 hours, the area being calculated from 
the outlet of the hydraulic main to the outlet of the condenser.”’ 

Newbigging says, ‘‘It may be taken as a general rule that about ten super- 
ficial feet of atmospheric condensing surface for each one thousand cu. ft. 
maximum gas production per day of 24 hours should be provided. This is 
assumed to include the length of the foul main extending from the hydraulic 
main. Moreover, the condenser should be protected from the direct action of 
the sun’s rays, or otherwise water should be made to trickle down the outer 
surface of the pipes during sunshine.” 

King’s treatise says that when atmospheric condensers are employed they 
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“should have a superficial area of ten feet for every one thousand cu. ft. max- 
imum production per diem, and all proper protection should be adopted to 
protect the apparatus,” from great temperature changes, etc. 

Clegg gives one hundred and fifty superficial feet per one thousand feet per 
hour when the layer of gas is not over three inches thick. 

Another authority says, a surface of 54 square feet is ample for cooling 
thirty-five thousand cu. ft. of gas in 24 hours, equal to one square foot per six 
hundred fifty cu. ft. in 24 hours. 

O’Connor says “The pipes from the hydraulic main should have a superficial 
area of ten sq. ft. per thousand cu. ft. made per diem’, also ‘‘Area required for 
condensation equals about four sq. ft. cooling surface (air) per gallon of water 
yielded per ton.”’ Also “In water tube condensers about 21% sq. ft. of cooling 
surface is allowed per 1000 cu. ft..’’. Other rules are given and the variation 
between authorities is oftentimes something wonderful. It is safe to say that 
most “rules of thumb” are merely an outcome of comparing condensers built by 
guess, gradually working down to limiting sizes by imitation of previous con- 
struction, at the sametime economizing in first cost, not only as to details of 
design but with astonishing disregard of the proper determining factors. The 
character of the gas and the cooling medium being known, it becomes 
a question of heat transference through the metal, and on this point, 
although opinions differ widely experiment has proven that the co-efficient 
of heat transference varies with the character and thickness of the sub- 
stances through which the heat is transmitted, and also varies with the 
temperatures at which the transference takes place. It must therefore be 
noted that withthe same potential of temperature, (difference of temperature 
between the gas and water or air at any specific point)the heat transfer- 
ence will be less at alow temperature than at a high temperature, and it must 
also be noted that the specific heats of gases, vapors and water are by no means 
the same at all temperatures. 

Having determined the range of temperature and the potential and the 
proper co-efficient for transference to be used, the proportion of condensers can 
then be definitely determined, but due attention must be paid to the frictional 
effect of baffling the gas in its progress through the condenser, as by proper 
attention to this point, the efficiency of an ordinary condenser may be increased 
from 40 per cent. to 60 per cent. in proportion to the manner in which the 
principle is applied. Special attention must also be given to the number and size 
of the tubes to insure a balance between the cooling area and the velocity of 
the absorbing medium, in order to maintain as nearly as possible a uniform 
potential of heat throughout the whole length of each tube. _ 

It is needless to say that our condensers are always proportioned for the 
work to be done in order to gain the maximum efficiency with the minimum of 
first cost consistent with the proper practical design that will give the greatest 


convenience and economy in commercial operation with elasticity of capacity. 
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In the operation of vur system of condensers, reference being had to Fig. 16, 
the flexibility of the system will at once be apparent. In the case of new installa 
tions it is always wise to have a considerable reserve capacity to meet the natural 
growth of the business and consequently when a condensing plant is first put at 
work, its total capacity will probably be much in excess of first needs. In this 
case the work done by the final condenser is easily controlled by regulating the 
amount and speed of water circulating through it, and the secondary and primary 
condensers are likewise easily controlled by means of the dampers in the stacks 
restricting the air flow through the tubes. As the output increases and more 
work is required of the condensers, the water flowing into the final may be 
increased and the.air flow into the secondary and primary may also be increased 
until the normal capacity of the apparatus is reached, when the dampers will be 
wide open. To meet further increase of output, the principal variation of load 
will call upon the primary and secondary condensers, Should more work be 
required of the secondary, the water overflowing from the top of final con- 
densers may be turned across the top head of secondary by means of valve shown 
in the water connection, and if no increase is required inthe primary, the water 
will then overflow to the sewer from top of secondary, but if smal] increase of 
work is also required of primary, the water overflowing from the secondary may 
be turned across the top head of the primary in the same manner, overflowing 
thence to the sewer. It will be noted that the tubes in the primary and second- 
ary condensers extend above the top tube sheet about 6 inches so that the water 
flowing over the heads will not pass down the tubes, unless it should be desired 
that they be partially converted into vaporizing condensers. 

Should still further increase of capacity be required the course of the water 
from the top of the final condenser may be changed so that closing the air open- 
ings inthe bottom of the secondary, the water may then enter the bottom 
chamber, passing up through the tubes from which it will overflow onto the 
top - head and then flow to the primary. If no further increase is required of the 


primary the water may simply flow across the top tube sheets, but ifit is desired 
also to materially increase the work done by the primary, the air openings in 
bottom chamber may be closed, and the water from the secondary caused to 
enter there and flow up through the tubes of the primary, overflowing thence to 
the top tube sheet and thence to the sewer, thus converting either the secondary 
or primary or both into water tube condensers, similiar to the final condenser, 
thus giving a range of capacity in the same apparatus unequaled by any other 
construction, and at the same time without deviating from the proper method 
and sequence of treating gas. 

In operating any condensers it is always necessary that thermometers be 
applied at the proper points in the inlet and outlet pipes but never in the shells, 
to determine the work done by the condensers and regulate them accordingly. 
We also apply automatic thermostat regulators by which the temperature of the 
gas itself controls the flow of the water and air, thus keeping this part of the 
treatment of the gas regulated to a nicety through wide variations of tem- 
perature and quantity of gas. The matter of thermometers will be treated ina 
special bulletin as will also the matter of arrangements for drip overflow. | 
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CLAIMS ALLOWED IN U. S. PATENT No. 790,297. 


Having described my invention, what I claim, and desire to secure by Let- 

ters Patent, is— 

| 1. A tubular gas cooler and condenser having at the lower end an air inlet 

| = and chamber opening into the tubes, and at the top an air-outlet provided with a 
damper or valve for regulating and controlling the flow of air, and thus regulat- 
ing the temperature ofthe gas, also having at the top a water-receptacle, up- 

| wardly-projecting tube ends therein, and means for controlling the supply to, 
and discharge of water from, said receptacle, and gas inlet and outlet pipes 
connecting with the shell inclosing the tubes, subtanstially as described. 

2. The combination with an upright tubular condenser, having an air 

inlet and chamber opening into the tubes at the bottom and an outlet-chamber 
and tube sheet or head at the top, through which project the tube ends7 , of a 
water-supply pipe having a valve opening above said head, whereby water may 
be caused to cool the head and to flow in films down the tubes while air is passed 
up through them, and gas inlet and outlet pipes connecting with the shell inclos-. 
ing the tubes, substantially as described. 

3. A tubular gas cooler and condenser, constructed with upper and lower 
tube sheets or heads, tubes extending throngh the same and having upwardly- 
projecting ends 7, in inlet and outlet chambers for the cooling fluid at top and 
bottom, water supply and overflow pipes connecting with the upper chamber 
above the tube-sheet, transverse baffle-plates extending from opposite sides of 
the shell for deflecting the gas back and forth around the tubes, gas inlet and 
outlet pipes connecting with the shell, substantially as described. 

4. The combination with a gas cooler and condenser, constructed with 
upper and lower tube-sheets, connecting-tubes, and inlet-chamber at the bottom 

| having an air-inlet, and an outlet-chamber at the top, of a water-supply pipe, 
| having a valve, connecting with the bottom inlet-chamber, a water-outlet pipe 
connecting with the top outlet-chamber and means for closing said air-inlet, 
substantially as described. 

5. The combination with a gas cooler and condenser, constructed with 
upper and lower tube-sheets, connecting-tubes, upper and lower inlet and outlet 
chambers for cooling fluid having air inlet and outlet openings, of a valved 
water-supply pipe connecting with the upper chamber, an outlet water-pipe 
connecting with the said chamber, a valued water-supply pipe connecting with 
lower chamber, and means for closing said air-inlet, substantially as described. 

6. The combination with a multitubular water-cooled condenser having a 
water chamber and supply pipe at the bottom and an outlet-chamber at the top, 
of a tubular air-condenser having upper and lower tube-sheets, connecting-tubes 
having upwardly-projectlng ends above the upper tube-sheet, an air-inlet at the 
bottom and an air-outlet chamber at the top provided with a controlling valve 
or damper, and a valved water-pipe connecting the top chamber of the water-con- 
denser, with the top chamcer of the air condenser, and an overflow water-pipe 
connecting with said chamber above the tube-sheet, substantially as described. 

In testimony whereof I affix my signature in presence of two witnesses. 

OLAF N. GULDLIN 

Witnesses: 

Tueo. H. SCHEUMANN, 
R. S. RoBerTSON. 
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